Introduction {#Sec1}
============

While the COVID-19 pandemic continues to pressure healthcare systems around the world, other chronic and acute diseases continue to affect the population. Some of these diseases, including many cancers, require timely surgical intervention. However, in order to maximize hospital capacity, the Centers for Disease Control and Prevention has recommended rescheduling elective surgeries.^[@CR1]^ Subsequently, the American College of Surgeons (ACS) and the Society of Surgical Oncology (SSO) published guidelines for triage of non-emergent surgical procedures.^[@CR2],[@CR3]^

Surgery is the foundation of curative therapy for many malignancies. Delayed resection may lead to progression, resulting in clinically significant differences in complications, recurrence, and survival. Delayed treatment may also lead to the need for additional adjuvant or neoadjuvant therapy, additional imaging studies for restaging, and ultimately less efficient and less effective care. Furthermore, the psychological burden of delayed surgery is likely significant.

The effects of time to surgery for many cancers have not been well characterized and the "acceptable" wait time prior to worsened outcomes is unclear. In the setting of unprecedented healthcare demands expected to continue for months to years with an accumulating backlog of delayed surgical cases, it is critical to understand which cancer surgeries should be prioritized and which can be delayed with minimal risk. We seek to synthesize the available literature on time to surgery for colorectal, pancreatic, and gastric cancer, providing an evidence-based approach to surgical prioritization and a critical review of the ACS and SSO guidelines.

Methods {#Sec2}
=======

Identification of Studies {#Sec3}
-------------------------

We utilized the Preferred Reporting Items for Systemic Reviews and Meta-analyses (PRISMA) guidelines.^[@CR4]^ In accordance with our predefined search strategy focusing on colorectal, pancreatic, and gastric cancers, we performed a PubMed database search for studies published between January 1, 2005, and March 23, 2020. As an example, we identified relevant abstracts for gastric cancer with "gastrectomy" or "surgery" and "gastric cancer" were searched in combination with any of the following: "delay," "time to surgery," "time-to-surgery," and "timing" in order to find all studies that evaluated time to surgery with oncologic outcomes. Two authors independently screened the abstracts of all populated articles, reviewed potentially relevant complete articles, and determined which articles met inclusion and exclusion criteria. The reference lists of all included studies were reviewed to identify additional relevant studies that may have been missed with the initial search.

Study Inclusion and Data Extraction {#Sec4}
-----------------------------------

Studies were included if the researchers evaluated the effect of time to surgery on pathologic upstaging or response, disease-free survival, or overall survival. Studies were excluded if they did not separate patients who received surgical treatment from other treatments, included patients under 18 years old, or were not written in English.

Once a paper was deemed to meet inclusion and exclusion criteria, the following data were extracted: first author, publication year, study design, number of patients, patient population, neoadjuvant therapy, age, matching/multivariate analysis, outcome measure, time to surgery groups, length of follow-up, and summary findings (with hazard ratios or odds ratios extracted when given).

Assessment of Article Quality and Bias {#Sec5}
--------------------------------------

Two authors independently assessed included articles for level of evidence and potential bias. Levels of evidence were assigned utilizing the Oxford Centre for Evidence-Based Medicine guidelines.^[@CR5]^ We then evaluated for potential bias for observational studies and assigned a score according to the Newcastle-Ottawa Scale.^[@CR6]^ Ranging from zero to nine, the scale evaluates patient selection, comparability of patient populations, and outcome assessment.

Results {#Sec6}
=======

Colorectal Cancer {#Sec7}
-----------------

A total of 1066 abstracts were identified from the search strategy, with 1053 identified from PubMed search and an additional 13 abstracts from citation review. After screening of these abstracts, 62 full papers were reviewed and ultimately 43 studies met the inclusion criteria (Fig. [1](#Fig1){ref-type="fig"}). Extracted data for included studies are shown in Table [1](#Tab1){ref-type="table"}. Most included papers examined rectal cancer, seven studies focused solely on colon cancer, and three examined both colon and rectal cancer. As such, there is significant heterogeneity in the studies included. All studies excluded metastatic disease and emergent indication for surgery such as perforation or obstruction.Fig. 1Flow diagram for inclusion of studies for colorectal cancerTable 1Summary of included studies for colorectal cancerStudyLevel of evidenceQuality score*n*PopulationAge (years)Outcome measureTime to surgery/delay groupsFollow-upWorse outcomeSummary findingAkbar 2016^[@CR7]^2b6159Rectal Ca with surgery after nCRTMean not givenpCR, DFS, OS± 8 weeksMedian 3.6 yearsNopCR: no differenceDFS: \< 8 vs ≥ 8 wk 66.7% vs 53.8% (*p* = 0.04)OS: \< 8 vs ≥ 8 wk 68.2% vs 54.3% (*p* = 0.09)Akgun 2018^[@CR8]^1b327Rectal Ca with surgery after nCRTMean \< 8w 60.4 ≥ 8 w 61.7pCR± 8 weeksNoNopCR: ≤ 8 wk vs. \> 8 wk 18.6% vs. 10.0% (*p* = 0.027)Amri 2014^[@CR9]^2b7769Colon cancer with primary surgeryMean 67 (SD 13.8)DFS, OS0--13 days, 14--23, 24--37, 38--798Median 142 weeksNoDFS: per group HR 0.95 (*p* = 0.47)OS: per group HR 0.85 (*p* = 0.075)Beppu 2014^[@CR10]^2b7171T3N0--2 Rectal Ca patients with surgery after nCRTMedian 63 (range 34--85)pCR, DFS, OS± 30 daysMedian 59 monthsNopCR: ≤ 30 d vs. \> 30 d 7.1% vs 1.2% (*p* = 0.119)DFS: ≤ 30 d vs. \> 30 d 82.2% vs. 78.8% (*p* = 0.662)OS: ≤ 30 d vs. \> 30 d 88.5% vs. 84.4% (*p* = 0.741)Calvo 2014^[@CR11]^2b8335Stage II-III rectal Ca with surgery after nCRTMean 64.3pCR, DFS, OS± 6 weeksMedian 71 monthsNopCR: \< 6 wk vs ≥ 6 wk 8.8% vs 12.1% (*p* = 0.34)DFS: \< 6 wk vs ≥ 6 wk 69.9% vs 74.9% (*p* = 0.23)OS: \< 6 wk vs ≥ 6 wk 55.9% vs 70.4% (*p* = 0.01)Curtis 2018^[@CR12]^2b8668Stage I-III colorectal cancer with laparoscopic surgeryMean 71 (SD 11)OS± 4 wk, ± 8 wk, ± 12 wk5 yearsNoOS: continuous TTS HR 0.99, *p* = 0.52de Campos-Lobato 2011^[@CR13]^2b7177Stage II-III rectal Ca with surgery after nCRTMedian 57 (IQR 48--64.5)pCR, DFS, OS± 8 weeksMedian 51 monthsNopCR: \< 8 vs ≥ 8 wk 16.2% vs 31.1% (*p* = 0.027) DFS: \< 8 vs ≥ 8 wk 75.3% vs 84.7% (*p* = 0.26)OS: \< 8 vs ≥ 8 wk 85.5% 88.2% (*p* = 0.74)Detering 2019^[@CR14]^2b7475Rectal Ca with surgery after nCRTMean not givenDFS, OS± 14 weeksNS---3-year survivalNoDFS: \< 14 vs ≥ 14 wk 74.6% vs. 70.1% (*p* = 0.267)OS: \< 14 vs ≥ 14 wk 87.9% vs. 82.9% (*p* = 0.178)Dolinsky 2007^[@CR15]^2b6107Rectal Ca with surgery after nCRTMedian 58Downstage, pCR, DFS\< 6 weeks, 6--8, \> 8Median 21 monthsNoDownstaging: each week OR 1.24 (1.03--1.47)DFS: each week OR 1.05 (0.91--1.21)Erlandsson 2017^[@CR16]^1b712Rectal Ca with neoadjuvent radiotherapy (short) followed by surgery.Mean 67DFS, OS\< 1 week vs. 4--8 weeksMinimum follow-up of 2 yearsNoDFS: 4--8 weeks HR 0.90 (0.69--1.18)OS: 4--8 weeks HR 0.90 (0.70--1.15)Evans 2011^[@CR17]^2b695Rectal Ca with surgery after nCRTMedian 68 (range 28--88)Downstage\< 6 weeks, 6--8, \> 830 daysNoT Downstaging: 6--8 wk: ref. \< 6 wk HR 1.05 (0.30--3.70) \> 8-week HR 3.79 (1.11--12.99)N Downstaging: 6--8 wk: ref. \< 6 wk HR 1.18 (0.28--5.02) \> 8-week HR 1.30 (0.33--5.09)Flemming 2017^[@CR18]^2b74326Colon cancer with primary surgeryMedian 71DFS, OS± 42 daysNSNoDFS ≥ 42 days HR 0.88 (0.75--1.03)OS ≥ 42 days HR 1.05 (0.93--1.18)Garcia-Aquilar 2011^[@CR19]^2b7144Stage II and III rectal Ca after nCRT with delayed surgery vs additional chemo and delayed surgerySG1 mean 61 (SD 12)SG2 mean 56 (SD 11)Downstage, pCRSG1: surgery 6 wk post-nCRT (TTS 6 weeks) SG2: 2 cycles of FOLFOX at 4 wk, then surgery in 3--5 weeks (TTS 11 weeks)NSNoPathologic response: pCR SG1 vs. SG2 18% vs. 25%, partial response: 72% vs. 75% (*p* = 0.0217)Grass 2020^[@CR20]^2b9118,504Stage I-III colon Ca with primary surgeryMedian 69 (IQR 59--78)OS\< 16 days vs. ≥ 37 daysMedian 5.3 yearsYesOS: ≥ 37 d vs. \< 16 d HR 1.19 (1.16--1.23)Habr-Gama 2008^[@CR21]^2b8250Distal rectal cancer with surgery after nCRTMean 58.5Downstage, DFS, OS± 12 weeksMean 46 monthsNoDownstaging: decreased in \> 12 wk (*p* = 0.009)Recurrence: 33% vs 30% (*p* = 0.45)OS: ≤ 12 wk vs \> 12 wk 86.0% vs. 81.6% (*p* = 0.8)Huntington 2016^[@CR22]^2b96397Stage II-III rectal Ca with surgery after nCRTMedian 61 (range 20--90)pCR, OS± 60 daysNS---108-month survivalYespCR: OR NSOS: \> 60 d: HR 1.314 (1.191--1.449)Jeong 2013^[@CR23]^2b7153Stage II-III rectal Ca with surgery after nCRTMean 57.8 (range 28--79)pCR, RFS, OS± 8 weeksMedian 38 monthsNopCR: \< 8 wk vs. \> 8 wk 16.2% vs. 18.8% (*p* = 0.817)DFS: \< 8 wk vs. \> 8 wk 64.8% vs. 66.7% (*p* = 0.967)OS: \< 8 wk vs. \> 8 wk 90.2% vs. 87.25 (*p* = 0.825)Kaltenmeier 2019^[@CR24]^2b9514,103Colon cancer with primary surgeryMedian 72 (IQR 61--80)OS\< 7 days, 7--30, 31--60, 61--90, 91--120, 121--180NoYesOS: \< 7 d HR 1.56 (1.45--1.68), 7--30 d ref., 31--60 d HR 1.13 (1.02--1.25), 61--90 d HR 1.49 (1.19--1.85), 91--120d HR 2.28 (1.61--3.23), 121--180 d HR 2.46 (1.48--4.09) \< 8wk vs 8--12 vs \> 12 wkKammar 2020^[@CR25]^2b7161Stage II-III rectal Ca with surgery after nCRTMedian 44Downstage, DFS, OS\< 8 weeks, 8--12, \> 12Median 49.5 monthsYesDownstaging: not significant T or NDFS: 50.4% vs. 70.6% vs. 62% (*p* = 0.270)OS: 79.5% vs. 83.3% vs. 76.5% (*p* = 0.849)Kaytan-Saglam 2017^[@CR26]^2b7136T3N0+ rectal cancer with neoadjuvant radiation followed by surgery\< 4-wk group 61.2\> 4-wk group 62.8DFS, OS± 4 weeksMedian follow-up 36 monthsNoDFS: \< 4 wk vs. \> 4 wk 63.1 ± 7.8 vs. 50.6 ± 2.5 (*p* = 0.41)OS: \< 4 wk vs. \> 4 wk 64.6 ± 6.9 vs 60.6 ± 1.9 (*p* = 0.04)Kwak 2016^[@CR27]^2b81786cT3--4 N0--2 M0 rectal cancer with nRCT followed by surgeryMean not givenpCR, DFS, OS± 7 weeksNS---survival curve to 6 yearsNopCR: \> 7 wk OR 1.468 (1.069--2.017).DFS ≤ 7 vs \> 7 wk 71.8% vs 70.3% (*p* = 0.67)OS: ≤ 7 vs \> 7 wk 86.5% vs 83.3% (*p* = 0.27)Lefevre 2016 GRECCAR-6^[@CR28]^1b265cT3/T4 or TxN+ rectal Ca with surgery after nCRTMean 63.2 (SD 10.8)pCR7 weeks ± 5 days11 weeks ± 5 days90 daysNopCR: 7 wk vs 11 wk: 15.0 to 17.4% (*p* = 0.5983)Levick 2019^[@CR29]^2b73469Rectal Ca with surgery after nCRTMean not givenOS0--7 days, 8--14, 15--27NoNoOS: \< 7 d ref., 8--14 d HR 1.11 (*p* = 0.52), 15--27 dHR 0.89 (*p* = 0.7)Lim 2008^[@CR30]^2b6397Stage II-III with surgery after nCRTMean 56.3Downstage,DFS, OS4--6 weeks vs. ≥ 6--8 weeksMedian 31 monthsNoNo difference in downstaging, DFS, OS.Lino-Silva 2018^[@CR31]^2b6266Stage I-III colon cancer with primary surgeryMedian age 57OS0--24 days, 25--38, 39--60, \> 60NoNoNo significant difference in OS by stage/TTSMacchia 2017^[@CR32]^2b82094Stage II-III rectal Ca with surgery after nCRTMedian 65 (range 23--89)pCR\< 6 weeks, 7--12, \> 13NoNopCR: RR \< 6 wk ref., 7--12 wk: 1.8 ≥ 13 wk: 2.4 (*p* \< 0.01)Maliske 2019^[@CR33]^2b687Stage II-III rectal Ca with surgery after nCRTMedian 55 (range 25--84)pCR, OS± 8 weeksNoNopCR: \< 8 vs ≥ 8 wk 27.5% vs. 27.7% (*p* = 0.99)OS: ≥ 8 wk HR 1.61 (0.74--3.50)Mihmanli 2016^[@CR34]^4587Rectal cancer with nRCT followed by surgery\< 8 weeks mean 53.7, \> 8 weeks mean 58pCR, DFS, OS± 8 weeks34.5 monthsNopCR: no effect.DFS \< 8 vs ≥ 8 wk 50.8 vs. 71.2 months (*p* = 0.01)OS \< 8 vs. ≥ 8 wk 62.8 vs 77.9 (*p* = 0.02)Plastiras 2017^[@CR35]^4565Stage II-III rectal Ca with surgery after nCRTMean age 70.9Downstage, DFS± 6 weeksNS---up to 100 monthsNoNo significant difference in downstaging or DFSProbst 2015^[@CR36]^2b917,255Stage II and III rectal Ca with surgery after nCRTMean 58.5Downstage, pCR\< 6 weeks, 6--8, \> 830 daysNoDownstaging: 6--8 weeks ref., \> 8 wk: OR 1.11 (1.02--1.25)pCR: 6--8 wk ref., \< 6 wk: HR 0.79 (0.68--0.91) \> 8 wk: 1.12 (1.02--1.28)Rombouts 2016^[@CR37]^2b91290Rectal cancer with nRCT followed by surgery, early (ET) and locally advanced (LARC)Mean 63 to 68 by grouppCR, OS5--6 weeks, 7--8, 9--10, 10--11, 11--12, 13--14NS---survival to 5 yearsYesET---no effect on pCR, OS. LARC-pCR 5--6 wk (OR 0.57, 0.25--1.28) 7--8 wk ref., 9--10 wk (OR 1.56, 1.03--2.37), 11--12 wk (OR 1.94, 1.15--3.26), 13--14 wk (OR 1.44, 0.68--3.04). No effect on OSRoxburgh 2019^[@CR38]^2b7607Stage II-III rectal Ca with surgery after nCRT\< 55 years, 55--75, \> 75pCR\<8 weeks, 8--12, 12--16NoNopCR: \< 8 wk vs 8--12 vs 12--16: 18% vs 18% vs 9% (*p* = 0.165)Saglam 2014^[@CR39]^1b153Stage II-III rectal Ca with surgery after nCRTMean 53.1Downstage, DFS, OS4 weeks vs 8 weeksMedian 4 wk---56.8; 8 wk---59.3 monthsNoPathologic response: not significantDFS: 4 wk vs 8 wk 73.2% vs. 70.5% (*p* = 0.80)OS: 4 wk vs 8 wk 76.5% vs. 74.2% (*p* = 0.60)Shin 2013^[@CR40]^2b91946Primary surgery within 1 year of diagnosis (colorectal subgroup)Mean 61.8OS≤ 1 week, \> 1--4, \> 4--12, \> 12Median 4.7 yearsYesOS: ≤ 1 wk HR 1.68 (1.31--2.16), 1--4 wk ref., 4--8 wk HR 1.07 (0.73--1.57), 8--12 wk HR 0.84 (0.39--1.82), \> 12 wk HR 2.65 (1.50--4.70)Simunovic 2009^[@CR41]^2b77989Colon cancer with primary surgeryMean not givenDFS, OSConsult to surg: 1--7 days, 8--14, 15--21, ≥ 22 dDiagnosis to surg: 1--14 days, 15--28, 29--42, ≥ 43NSNoDFS: TTS not significantOS: ≥ 22 days consult---1.1 (1.0--1.2), ≥ 43 d diagnosis 1.2 (1.1--1.3)Sloothaak 2013^[@CR42]^2b81593Rectal Ca with total mesorectal excision after nCRTMean 63--64 by grouppCR\< 13 weeks, 13--14, 15--16, \> 1630 daysNopCR: \< 15 or \> 16 wk: ref. 15--16 wk: HR 1.63 (1.20--2.23)Sun 2016^[@CR43]^2b911,760Stage II-III rectal Ca with surgery after nCRTMedian 58 (IQR 50--67)Downstage, OS± 56 daysNS---5-year survivalYesDownstaging: ≥ 56 d: OR 1.12 (1.02--1.23) OS: ≥ 56 d: HR 1.20 (1.10--1.32)Tran 2006^[@CR44]^2b548Stage II-III mid-distal rectal cancer with surgery after nCRTMean ≤ 8wk: 62.3 \> 8wk: 58.1Downstage± 8 weeksMean 27.7 monthsNoDownstaging≤ 8 vs \> 8 wk 44% vs 41% (*p* = 0.92)Trepanier 2020^[@CR45]^2b8408Stage I-III colorectal cancer with primary surgeryMean 69.8 (SD 11.2)DFS, OS\< 4 weeks, 4--8, ≥ 8Mean 58.4 monthsNoDFS: \< 4 wk ref. 4--8 wkHR: 0.96 (0.47--1.95) ≥ 8 wk 0.86 (0.42--1.78)OS: \< 4 wk ref. 4--8 wk HR 2.51 (0.70--9.03) ≥ 8 wk 2.15 (0.59--7.81)Tulchinsky 2008^[@CR46]^2b7132Stage II-III rectal Ca with surgery after nCRTMedian 64 (range 23--87)pCR, DFS, OS± 7 weeksMedian 33 monthsNopCR: ≤ 7 wk vs \> 7 wk 17% vs 35% (*p* = 0.03)DFS: greater in \> 7 wk (*p* = 0.05)OS: not significant (*p* = 0.07)Veenhof 2006^[@CR47]^2b5108Stage II-III mid-distal rectal cancer with surgery after neoadjuvant radiationMedian ≤ 2 weeks: 67\> 6--8 weeks: 63Downstage, pCR, OS\< 2 weeks vs 6--8 weeksMedian 34 monthsNoDownstaging: \< 2 vs 6--8 wk 26% vs. 55% (*p* \< 0.01)DFS: \< 2 vs 6--8 wk 74.6% vs. 69.4% (*p* = 0.76)OS: \< 2 vs 6--8 wk 66.4% vs. 73.3% (*p* = 0.12)Wanis 2017^[@CR48]^2b7908Colon cancer with primary surgeryMean not givenDFS, OS± 30 daysMedian 2.7 yearsNoDFS: \> 30 d HR 0.81 (0.57--1.21)OS: \> 30 d HR 0.87 (0.66--1.10)Wolthuis 2012^[@CR49]^2b8356Stage II-III rectal Ca with surgery after nCRTMedian ≤ 7 weeks: 64 \> 7 weeks: 62pCR, DFS, OS± 7 weeksMedian 4.9 yearsNopCR: ≤ 7 vs \> 7 wk 15.9% vs 28.4% (*p* = 0.006)DFS: ≤ 7 vs \> 7 wk 73% vs 83% (*p* = 0.026)OS: ≤ 7 vs \> 7 wk 83% vs 91% (*p* = 0.046)*NS*, not stated; *OR*, odds ratio; *HR*, hazard ratio; *TTS*, time to surgery; *pCR*, pathologic complete response; *DFS*, disease-free survival; *OS*, overall survival; *ref*., reference group; *nCRT*, neoadjuvant chemoradiotherapy; *d*, days; *wk*, weeks

All five of the randomized controlled trials included in this analysis evaluated time to surgery in rectal cancer following neoadjuvant therapy. The Stockholm III trial is a Swedish multicenter, randomized, non-inferiority trial evaluating neoadjuvant radiation therapy regimens and timing to surgery. This study randomized patients to three arms: (1) short course radiotherapy followed by surgery within 1 week, (2) short course radiotherapy followed by surgery after 4 to 8 weeks, and (3) long course radiotherapy with surgery after 4 to 8 weeks. Pettersson et al.'s interim analysis showed better tumor downstaging in the delay group, consistent with the Lyon study.^[@CR50]^ Midterm results of the Stockholm III trial demonstrated non-inferior oncologic outcomes with surgical delay after short course radiation, with a minimum follow-up of 2 years.^[@CR16]^ Perioperative morbidity was significantly higher with immediate surgery following radiation therapy. These results suggest that delay to surgery of 4 to 8 weeks following neoadjuvant therapy is safe from an oncologic standpoint. This is supported by large retrospective cohort studies, such as Probst et al., which demonstrated higher odds of pathologic complete response and downstaging in stage II and III rectal cancer patients who underwent neoadjuvant chemoradiation and surgical resection in the National Cancer Database (NCDB).^[@CR36]^

Two other randomized controlled trials evaluated longer delays to surgery. Akgun et al. enrolled 327 patients and demonstrated better disease regression and pathologic complete response with a greater than 8-week interval to surgery, but lacked long-term follow-up.^[@CR8]^ The GRECCAR-6 study randomized cT3/T4 or TxN+ patients to an even longer delay of 7 weeks vs. 11 weeks. There was no increased rate of pathologic complete response in the 11-week delay group, and in fact, there were more perioperative complications for patients who had the longer delay.^[@CR28]^ This argues that the benefit of delaying surgery after neoadjuvant chemoradiotherapy does not extend beyond a period of 11 weeks.

One drawback to the contemporary randomized control trials included in this review is that they all lack long-term follow-up. However, there are several high-quality retrospective cohort studies that evaluate survival. Sun et al. examined stage II and III rectal cancer patients in the NCDB who underwent neoadjuvant chemoradiotherapy followed by surgical resection at a short interval (\< 56 days) or long interval (≥ 56 days). Notably, the 7-week cutoff defined in this study was objectively determined with modeling an inflection point. Patients in the longer delay group had higher likelihood of pathologic downstaging but worse long-term survival (HR 1.20, 95% CI 1.10--1.32).^[@CR43]^ This was corroborated by Huntington et al. who looked at a similar population with a cutoff of 60 days and also demonstrated reduced long-term survival (HR 1.31, 95% CI 1.19--1.45).^[@CR22]^

Ten studies included in this analysis evaluated colon cancer outcomes---all of these studies were retrospective cohort studies and none involved neoadjuvant therapy. Several large retrospective cohort studies did demonstrate worse outcomes with surgical delay. Kaltenmeier et al. evaluated more than 500,000 colon cancer patients in the NCDB. Time to surgery was divided into under 7, 7--30, 31--60, 61--90, 91--120, and 121--180 days from diagnosis to surgery. There was a marked increase in mortality risk with surgery done under 7 days vs. over 30 days from diagnosis. Waiting 4 to 6 months carried with it a 2.46-fold risk of mortality.^[@CR24]^ Grass et al. included 118,504 stage I-III colon cancer patients in the NCDB and evaluated outcomes in patients who underwent surgery under 16 days from diagnosis vs. over 37 days from diagnosis with median follow-up of 5.3 years. There was significantly worse 5- and 10-year survival in the long delay group. When evaluating timing as a continuous variable, the authors noted a significant decrease in survival at a delay of 40 days.^[@CR20]^ In a study examining surgical delay and outcomes across multiple cancer types, Shin et al. found that delays greater than 12 weeks in colorectal cancers were associated with a 2--3-fold mortality over a median follow-up of 4.7 years.^[@CR40]^ Finally, Simunovic et al. used a linked SEER-Medicare database and found that a delay of 43 days from diagnosis or 22 days from surgical consultation was associated with worse overall survival (HR 1.1, 95% CI 1.0--1.2 and HR 1.2, 95% CI 1.1--1.3 respectively).^[@CR41]^

However, some studies of colon cancer did not find an impact of delay on survival. Flemming et al. followed patients undergoing elective colon resection in Canada for 4--10 years, finding that longer time to surgery was not associated with worse cancer specific survival or overall survival at a cutoff of 42 days or when time to surgery was considered a continuous variable.^[@CR18]^ Similarly, Wanis et al. evaluated stage I to III cancer who were stratified by wait time of 30 days. There was no difference in disease-free survival or overall survival over a median follow-up of 2.7 years. Subgroup analysis of the group who waited 60--90 days also did not demonstrate any significant impact on survival.^[@CR48]^

Pancreatic Cancer {#Sec8}
-----------------

The search strategy identified 394 abstracts: 390 from PubMed and an additional four abstracts through reference list review. Twenty-one full papers were reviewed and ultimately nine papers met the criteria to evaluate whether surgical delay affects outcomes in pancreatic cancer (Fig. [2](#Fig2){ref-type="fig"}). Extracted data for included studies are shown in Table [2](#Tab2){ref-type="table"}. While outcomes and primary endpoints varied, most focused on overall survival, resectability, or progression of disease. Overall, the quality of the studies was high with low risk of bias. Most studies specifically excluded patients undergoing neoadjuvant chemotherapy, while one included them and one specifically studied only that patient group.^[@CR56]--[@CR59]^ There was a trend to recent publication with seven studies published after 2017.Fig. 2Flow diagram for inclusion of studies for pancreatic cancerTable 2Summary of included studies for pancreatic cancerStudyLevel of evidenceQuality score*n*PopulationAge (years)Outcome measureTime to surgery/delay groupsFollow-upWorse outcomeSummary findingEshuis 2010^[@CR51]^1bNA185Obstructive Jaundice with pancreatic cancerES: 64.6 ± 9.5 PBD: 64.7 ± 10.3OSPBD with 4-week delay or immediate surgery2 yearsNoOS: resection TTS every 1 wk:HR 0.85 (0.75--0.96)Any surgery (palliative or resection) TTS every 1 wk: HR 0.91 (0.84--0.91)Healy 2018^[@CR52]^2b9239Pancreatic ductal adenocarcinoma or ampullary cancer\< 25 d: 63.6 ± 9.8; \> 25 d: 66 ± 9.4Upstaging, DFS, OS± 25 daysMean 23 ± 19 monthsNoUpstaging: \< 25 d = 6%; \> 25 d = 17% (*p* \< 0.05)DFS: ≥ 25 d HR: 0.998 (0.988--1.007)OS: ≥ 25 d HR: 1.004 (0.996--1.013)Kirkegard 2019^[@CR53]^2b7873Pancreatic cancer---resection or palliative surgeryMean 67 (35--86)OS\< 28 days, 28--55 days, \> 55 daysNSNoOS (months): \< 28 d: 22.1 (19.3--25.9), 28--55 d: 22.0 (17.4--26.2), ≥ 56 days: 21.8 (16.3--26.1)Marchegiani 2018^[@CR54]^2b9217Pancreatic ductal adenocarcinomaMedian 66 (37--85)OS± 30 days, ± 45 days, ± 60 daysMedian 15 mNoOS: \> 30 d: HR 1.44 (0.57--3.63), \> 45 d: HR 1.50 (0.56--4.04), \> 60 d: HR 1.27 (0.32--4.96)Mirkin 2018^[@CR55]^2b914,807Stage I or II pancreatic ductal adenocarcinomaDepending on group mean 65.6--68.9OS\< 1 week. \> 1--2 weeks. \> 2--4 weeks, \> 4--8 weeks. \> 8--12 weeksNRNoOS: \< 1 wk ref., 1--2 wk = HR: 1.12 (1.10--1.19), 2--4 wk HR 1.03 (0.97--1.08), 4--8 wk HR 0.98 (0.93--1.04), 8--12 wk HR 0.92 (0.82--1.02)Sanjeevi 2016^[@CR56]^2b9349Pancreatic ductal adenocarcinomaMedian 68 (42--86)Upstaging, OS± 32 daysNRNoUpstaging: ≤ 32 d: HR 0.42 (0.21--0.89)OS: ≤ 32 d: HR 0.88 (0.61--1.26)Shin 2019^[@CR57]^2b9831PBD followed by surgeryMean 63.62 ± 9.8OS\< 2 weeks vs \> 3 weeksAt least 3 yearsNoOS: \< 2 wk vs \> 3 wk: 19.2 vs 21.4 months (*p* = 0.960)Swords 2018^[@CR58]^2b916,763Stage I or II pancreatic ductal adenocarcinomaDepending on group mean 65.8--68.7OS\< 15 d days, 15--42 days, 43--100 daysNRNoOS: 1--14 d: ref., 15--42 d: HR 0.94 (0.90--0.97), 43--100 d: HR 0.91 (0.86--0.96)Teng 2020^[@CR59]^2b91610Pancreatic ductal adenocarcinoma with neoadjuvant therapyMean 63.1 ± 9.7OS± 12 weeksNot statedNoOS: ≥ 12 wk: HR 0.80 (0.65--0.99)*NS*, not stated; *OR*, odds ratio; *HR*, hazard ratio; *TTS*, time to surgery; *DFS*, disease-free survival; *OS*, overall survival; ref., reference group; *ES*, early surgery; *PBD*, preoperative biliary drainage; *d*, days; *wk*, weeks

Only one study demonstrated an improvement in overall survival with early resection. Marchegiani et al. retrospectively evaluated 217 patients who underwent surgery for resectable pancreatic ductal adenocarcinoma, stratifying patients by time to surgery of less than or greater than 30 days. There was no difference in overall survival between the groups (31 months vs. 29 months, *p* = 0.2). However, in a subgroup analysis of pancreatic ductal adenocarcinomas under 20 mm at diagnosis (*n* = 84), improved overall survival was noted with early resection within 30 days (at least 32 vs. 28 months, *p* = 0.02).^[@CR54]^

Eshuis et al.'s study was the only randomized controlled trial, randomizing patients with obstructive jaundice into early surgery vs. biliary drainage followed by surgery. With a time to surgery difference of 4 weeks (1.2 weeks vs. 5.2 weeks), there was no difference in unadjusted survival (*p* = 0.91) but early surgery was associated with fewer complications related to either biliary drainage or surgery (29% vs 76%, *p* \< 0.01). Following multivariable analysis, a longer time to surgery was associated with improved overall survival after surgery (per week HR: 0.90, 0.83--0.97).^[@CR51]^ Two large studies analyzed data from the NCDB in patients with stage I or II pancreatic ductal adenocarcinoma. Mirkin et al. found that greater time to surgery was associated with improved overall survival with the lowest mortality in the 8--12-week group (HR 0.82, *p* = 0.001).^[@CR55]^ Similarly, Swords et al. also showed the best overall survival was in the longest delay group of 43--120 days (HR 0.91, 0.86--0.96) also finding decreased perioperative mortality.^[@CR58]^

Two studies analyzed tumor progression at time of surgery. In 349 patients with resectable pancreatic ductal adenocarcinoma, Sanjeevi et al. demonstrated that operating within 32 days from imaging reduced the risk of tumor progression to unresectable disease by half. However, in those with tumor resection, time interval did not have a significant impact on overall survival.^[@CR56]^ Healy et al. also found that in patients with resectable pancreatic or periampullary adenocarcinoma, surgery within 25 days reduced unexpected progression (6% vs 17%, *p* \< 0.05), but did not change overall survival in the cohort. In fact, in periampullary carcinoma, waiting was associated with improved overall survival (median OS 74.3 vs. 29.6 months, *p* \< 0.05).^[@CR52]^

Teng et al.'s study was the only study to focus on patients receiving neoadjuvant therapy and found that a time to surgery of more than 12 weeks following conclusion of neoadjuvant therapy was associated with more patients with clinical stage III cancer (33.5% vs 14%, *p* \< 0.001). However, these patients had significantly prolonged survival on multivariate analysis (HR 0.80, 0.65--0.99).^[@CR59]^

Gastric Cancer {#Sec9}
--------------

In total, 633 abstracts were identified from the search strategy, with 632 from PubMed and one abstract identified through reference list review. Seven full papers were reviewed and ultimately six papers met the criteria to evaluate whether surgical delay affects outcomes in gastric cancer (Fig. [3](#Fig3){ref-type="fig"}). Extracted data for included studies are shown in Table [3](#Tab3){ref-type="table"}. Four studies evaluated the timing to surgery in patients with gastric cancer who did not receive neoadjuvant therapy, one study evaluated gastrectomy both with and without neoadjuvant therapy (although only specifically evaluated time to surgery in the primary gastrectomy group), and one study evaluated the timing to surgery after neoadjuvant therapy. All six studies were well-designed retrospective cohorts and categorized as level 2b evidence.Fig. 3Flow diagram for inclusion of studies for gastric cancerTable 3Summary of included studies for gastric cancerStudyLevel of evidenceQuality score*n*PopulationAge (years)Outcome measureTime to surgery/delay groupsFollow-upWorse outcomeSummary findingBrenkman 2017^[@CR60]^2b82077Stage cT1-4a, N0--3, M0. Subgroup with primary surgery.Mean 73.5 (SD 10.1)OS≤ 5 weeks, 5--8, \> 8NS---5-year survivalNoOS: ≤ 5 wk ref. 5--8 wk 0.92 (0.81--1.05) ≥ 8 wk 0.95 (0.79--1.08)Additional wk HR 0.99 (0.98--1.01)Cha 2019^[@CR61]^2b7302Primary surgery following incomplete endoscopic resectionMean 60.53 (SD 12.23)DFS, OS± 29 daysMedian 42 months ± 21.2NoDFS: \> 29 days: HR: 0.367 (0.103--1.302)OS: \> 29 days HR 0.193 (0.027--1.394)Fujiya 2019^[@CR62]^2b9556Stage IA or IB with primary surgeryMedian 64 IQR 53--75OS\< 61 days vs. 61--90 vs. 91--180Median follow-up 60.9 monthsNoOS: \< 61 days ref., 61--90 days HR: 0.69 (0.37--1.31), 91--180 days HR: 1.03 (0.56--1.88)Furukawa 2019^[@CR63]^2b8696Stage II and III patients with primary surgeryMedian 67 (IQR 59--74)OS≤ 30 days, 30--60, \> 60--90NS---5-year survivalNoOS: ≤ 30 d: ref., 30--60 d: HR 0.894 (0.659--1.212); \> 60--90 d: HR 0.801 (0.541--1.188)Kim 2014^[@CR64]^2b6154Primary surgery following incomplete endoscopic resectionMean 60.7 (SD 9.8)DFS, OS± 29 days≤ 29 days: Median 19 months \> 29 days median 31.5NoNo difference in recurrence or mortalityLiu 2018^[@CR65]^2b8176Surgery following nCRTMedian 57 (Range 21--75)pCR, DFS, OS\< 4 weeks, 4--6 weeks, \> 6 weeksNS---3-year survivalNoPCR: \< 4 wk OR 0.69 (0.22--2.13), 4--6 wk OR 0.26 (0.07--0.096), 6 wk ref.; DFS: \< 4 wk HR 0.43 (0.10--1.85), 4--6 wk HR 0.93 (0.23--3.80), \> 6 wk ref. OS: \< 4 wk HR 0.49 (0.11--2.129), 4--6 wk HR 0.99 (0.24--4.06), \> 6 wk ref*NS*, not stated; *OR*, odds ratio; *HR*, hazard ratio; *TTS*, time to surgery; *DFS*, disease-free survival; *OS*, overall survival; *ref.*, reference group; *nCRT*, neoadjuvant chemoradiotherapy; *d*, days; *wk*, weeks

Three studies investigated patients with early stage gastric cancer (stage IA, IB, or II). Kim et al. divided patients in two groups (≤ 29 vs \> 29 days) and surgery followed non-curative endoscopic resection. There was no difference in disease-free survival with a mean follow-up of 26.7 months.^[@CR64]^ A follow-up report evaluating longer-term outcomes by Cha et al. (mean follow-up 42 months) found no difference in disease-free survival or overall survival after multivariate analysis.^[@CR61]^ Fujiya et al. looked at stage Ia/Ib gastric cancer with a time to surgery up to 180 days (median wait time 72 days). On a multivariate analysis, time to surgery did not impact survival.^[@CR62]^

The remaining studies involved more advanced gastric cancer (stage II, III). The largest study was by Brenkman et al. with 2077 patients undergoing resection with or without neoadjuvant treatment. Increasing time to surgery up to greater than 8 weeks in the primary gastrectomy group did not impact overall survival.^[@CR60]^ Furukawa et al. divided the time to surgery into three groups (30--60 days, 60--90, \> 90). On initial univariate analysis, early surgery was associated with worse survival; however, after multivariate adjustment, time to surgery was not an independent prognostic factor for survival.^[@CR63]^ One study included patients who received neoadjuvant chemotherapy. Liu et al. divided the time to surgery from completion of chemotherapy into three groups (\< 4 weeks, 4--6, \> 6). Consistent with the prior studies, the interval to surgery did not impact overall survival or disease-free survival, but a time to surgery over 6 weeks improved pathologic complete response.^[@CR65]^

Discussion {#Sec10}
==========

Colorectal Cancer {#Sec11}
-----------------

In both colon and rectal cancer, there is moderate evidence of worse outcomes with delaying surgical resection. To our knowledge, there have been no consensus guidelines published on the timing of surgical resection in colorectal cancer. The ACS triage guidelines for colorectal cancer recommend resection as soon as feasible, including for primary resection of colon cancer.^[@CR2]^ The guidelines also recommend considering delayed resection of locally advanced resectable colon cancer with administration of neoadjuvant chemotherapy for 2 to 3 months followed by surgery.

Although not seen in smaller cohort studies, multiple large high-quality studies of the NCDB and SEER-Medicare databases demonstrate increasing time to surgery in colon cancer is associated with lower survival, with worse outcomes seen at as little as 30 to 40 days.^[@CR20],\ [@CR24],\ [@CR41]^ These data support the expeditious resection of colon cancer whenever possible based upon available resources.

Delayed resection of colon cancer leads to delayed staging, which in the setting of positive nodes would delay administration of chemotherapy. If resection must be delayed, strong consideration should be given to administration of neoadjuvant chemotherapy to all colon cancers. Pilot study results from the FOxTROT Collaborative Group demonstrated that in high risk stage II and III colon cancer, 6 weeks of neoadjuvant oxaliplatin, folinic acid, and fluorouracil therapy versus primary resection resulted in increased downstaging (*p* = 0.04), decreased apical node involvement (1% vs. 20%, *p* \< 0.0001), and decreased positive margins (4% vs. 20%, *p* = 0.002).^[@CR66]^ Recently presented interim results demonstrate similar rates of 2-year relapse or persistent disease between the neoadjuvant and control groups (14% vs. 18%, *p* = 0.11).^[@CR67]^ Given the current paucity of data for colon cancer, if neoadjuvant chemotherapy is administered to delay resection in this setting, surgeons should obtain frequent interval imaging to ensure appropriate response followed by timely resection.

The ACS guidelines recommend resection as soon as feasible for rectal cancer following neoadjuvant therapy and consideration of delay for rectal cancer cases with "clear and early evidence of downstaging from neoadjuvant chemoradiation," either with additional wait time or additional rounds of chemotherapy.^[@CR2]^

The question of optimal time to surgery after neoadjuvant therapy in rectal cancer has been under intense investigation since the Lyon R90-01 randomized trial demonstrated improved tumor downstaging and no difference in survival with a longer wait time to surgery (6 to 8 weeks) after radiation in 1999.^[@CR68]^ Following neoadjuvant therapy, longer delay is associated with improved pathologic downstaging at a variety of time points. The impact of surgical delay on survival is less clear. Two large NCDB studies demonstrate worse survival with time to surgery greater than 7 to 8 weeks.^[@CR22],\ [@CR43]^ However, most studies---with much smaller cohorts and largely at single institutions---did not show a survival difference with surgical delay. Most of the time points investigated were at shorter intervals with few beyond 8 weeks. Given the accumulated evidence, delayed surgery up to 8 weeks following the completion of neoadjuvant therapy appears safe and allows increased pathologic response. Given the progressive nature of rectal cancer and several large studies demonstrating worse survival after 8 weeks, surgery should not be delayed beyond this point when possible.

Pancreatic Cancer {#Sec12}
-----------------

Pancreatic adenocarcinoma is an aggressive malignancy, with a reported tumor doubling time of 159 days and very poor overall survival, even in the setting of resected early stage disease.^[@CR69]^ The data on time to surgery and pancreatic cancer survival are equivocal. Some evidence suggests that resection within 30 days decreases unexpected progression and potentially improves survival for pancreatic adenocarcinomas under 2 cm.^[@CR52],[@CR54],[@CR56]^ However, the remainder of the included studies did not find an association between longer time to surgery and worse survival. Several large high-quality retrospective cohort studies actually demonstrated improved outcomes with surgical delay of at least 6 weeks, with clear concern for selection bias in the population. Importantly, increased time to surgery may result in progression to unresectable disease, selecting for less aggressive malignancies in the delayed surgery groups. Additional selection bias may also occur in the early groups with surgeons operating more quickly on aggressive appearing or borderline resectable cancers. For surgery after neoadjuvant therapy, the one study that evaluated time to surgery following neoadjuvant therapy also found improved outcomes with increasing time to surgery up to over 12 weeks, but this suffers from the same potential bias noted above.^[@CR59]^

While NCCN guidelines for pancreatic adenocarcinoma recommend surgery should occur 4 to 8 weeks after completion of neoadjuvant therapy, there are no guidelines on timing for patients undergoing primary surgery to our knowledge.^[@CR70]^ Minimal evidence exists to provide a recommendation for acceptable delay in time to surgery in pancreatic cancer. The Society for Surgical Oncology (SSO) COVID-19 guidelines recommend administration of neoadjuvant therapy in all resectable pancreatic cancers as a means to delay surgery in this group.^[@CR3]^ This is supported by recent literature demonstrating no difference in mortality between patients with resected stage I pancreatic adenocarcinoma who received neoadjuvant therapy versus adjuvant therapy, suggesting that this is an acceptable strategy to delay surgery.^[@CR71]^ Other recommendations from the SSO include extending neoadjuvant chemotherapy duration or addition of radiotherapy. It is reasonable to either administer neoadjuvant therapy to all resectable pancreatic cancers or perform expeditious upfront resection based upon patient and hospital factors, including bed availability, local disease burden, and local incidence trajectory.

Gastric Cancer {#Sec13}
--------------

We did not find any studies that demonstrated an association between delayed surgery and worsening survival in gastric cancer. To our knowledge, no specific guidelines exist for an appropriate time interval for surgery in patients with gastric cancer. The SSO COVID-19 guidelines recommend endoscopic resection of amenable cT1a lesions, primary resection of cT1b lesions, and neoadjuvant therapy for cT2 or higher lesions.^[@CR3]^ For patients receiving neoadjuvant therapy, extending therapy should be considered if patients are responding to and tolerating treatment.

For stage I gastric cancer, no evidence of worsened survival was noted even with a time to surgery over 90 days. Early gastric cancers that are amenable should be endoscopically resected if possible; however, some evidence suggests surgical resection may be delayed 3 months without worse oncologic outcomes. The natural history of early gastric cancer was reported by Tsukuma et al., who followed 71 patients with biopsy-proven early gastric cancer who did not undergo initial resection. Only 63% of early gastric cancer progressed to an advanced stage in 5 years, suggesting a significant portion of early gastric cancers do not progress and may have a more indolent course.^[@CR72]^ Given this, in the setting of severe resource constraints, deferring surgery for up to 3 months versus potential neoadjuvant therapy should be considered.

For more advanced gastric cancers, insufficient evidence exists to provide recommendations on time to surgery following neoadjuvant therapy (as recommended by the SSO). A single paper investigated time to surgery following neoadjuvant therapy, with no impact on survival with time to surgery greater than 6 weeks. In fact, this group had increased pathologic complete response.^[@CR65]^ Therefore, it may be reasonable to delay up to 6 weeks in the neoadjuvant setting even if additional therapy cannot be given due to patient tolerance.

Limitations {#Sec14}
-----------

There are several limitations to this review. Due to the nature of cancer as a progressive disease, increasing time to surgery should result in worse outcomes in the absence of other therapy. Therefore, the questions we try to answer in this study is at what delay is there clear evidence of worsened outcomes and how can this evidence can be used to inform triage decisions during the COVID-19 pandemic. All of the included literature for primary resection was retrospective, and although matching was utilized, there is clear selection bias in the studied populations. Surgeons tend to operate sooner on more aggressive cancers or when patients are at risk for immediate complications of their malignancy. Cancer that progressed to unresectable disease due to surgical delay similarly is not included in outcomes. Despite careful matching, numerous studies actually show improved survival with delay due to these reasons. In the studies included involving neoadjuvant therapy, there were a handful of prospective randomized studies; however, these failed to capture long-term outcomes. Nearly all of the time points evaluated were chosen arbitrarily and were highly variable between studies. Our review is descriptive---given the heterogeneity in patient populations, study designs, and outcomes evaluated, we did not pool data. Finally, this review only encompassed a search of a single database, although additional relevant literature was identified through a thorough review of references.

Conclusions {#Sec15}
-----------

Moderate evidence suggests that delayed resection of colorectal cancer worsens survival, although the evidence for worsened outcomes in pancreatic and gastric cancers is equivocal. Early surgical management of cancer often provides the best chance at curative treatment, as delay invites further invasion, progression to unresectable disease, or metastasis. The COVID-19 pandemic provides a serious challenge to timely surgical management, necessitating the evidence-based prioritization of certain cancer operations. Resection should occur expeditiously depending upon the availability of hospital resources and local disease burden. When timely resection cannot occur, alternative therapies including neoadjuvant treatment should be considered.
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